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Introduction
In this paper, we contribute to the literature on global financial cycles and investigate empirically whether U.S. unconventional monetary policy between 2008 and 2014 is related to financial conditions in EMEs, and, whether it is transmitted through portfolio flows. 4 In particular, we follow the arguments presented in the literature and analyze the following three consecutive hypotheses. First, is U.S. UMP related to portfolio (bond and equity) flows into EMEs? Second, does U.S. UMP affect financial conditions in EMEs through portfolio flows?
Third, does U.S. UMP influence the conduct of monetary policy in EMEs through this channel?
For our empirical analysis, we set up a structural global vector autoregressive (GVAR) model that takes country inter-linkages between the EMEs into account and allows for a structural identification of a U.S. UMP shock. We assess the magnitude of the U.S. spillovers on EMEs as a whole, on different country groups, and on individual countries.
Our main results are the following. We find that a U.S. UMP shock related to large scale asset purchases significantly increases portfolio outflows from the U.S. for almost two quarters.
In the EMEs this is, on average, associated with a rise in portfolio inflows. The rise in inflows is accompanied by an increase in real output growth, equity returns, an appreciation of the real effective exchange rate, and it also affects other indicators of financial conditions. Hence, we find evidence indicating that U.S. UMP drives financial conditions in EMEs after the global financial crisis. Moreover, the results indicate that international portfolio flows are an important channel of transmission. With regard to domestic monetary policy, we find that, on average, EMEs reacted with an easing of their policy stance in response to the U.S. shock. This finding is independent of the exchange rate regime, hence, in line with a "dilemma" instead of a "trilemma" hypothesis. Concerning different country groups, we find that Asia and Latin America's financial conditions react similarly strong to the UMP shock. In both cases capital inflows increase, which is followed by real appreciation of the currency, higher equity returns and lower interest rates.
The results for emerging Europe, on the other hand, are qualitatively similar, but show smaller effects due to lower capital inflows.
Aside from the literature on the global financial cycle, our work is related to three lines of empirical studies. First, it is connected to studies that investigate the effect of the Fed's UMP on EMEs (financial) conditions in event studies or similar frameworks (Aizenman et al., 2014 , Eichengreen and Gupta, 2014 , Bowman et al., 2015 . For example, Bowman et al. (2015) investigate the response of sovereign bond yields, foreign exchange rates, and stock prices in 17 EMEs to U.S. UMP. Using a quasi event study approach with daily data, they find an effect of U.S. UMP for many countries, in particular on sovereign bond yields. We add to these studies by investing the role of capital flows as an important transmission channel of U.S. UMP. More importantly, we use an empirical model that allows for interactions between financial and real variables both within and between countries. In additional, our approach allows assessing the persistence of U.S. UMP shocks on financial conditions in EMEs on a monthly frequency. 4 Henceforth we will use the terms "capital flows" and "portfolio flows" interchangeably.
Second, our work is linked to papers that analyze the determinants of capital flows to EMEs (see, among others, Fratzscher, 2012, or, Forbes and Warnock, 2012) . More closely, it relates to the studies that analyze the impact of the Fed's UMP on international capital flows. One set of studies analyzes this question with panel techniques (Moore et al., 2013 , Koepke, 2014 , Lim et al., 2014 , Ahmed and Zlate, 2014 . Other studies use high frequency frameworks and event study approaches (International Monetary Fund, 2013 , Fratzscher et al., 2013 , Rai and Suchanek, 2014 , or VAR models with aggregated capital flows (Tillmann, 2014, Dahlhaus and Vasishtha, 2014) . Exemplarily, Fratzscher et al. (2013) examine the impact of QE in the U.S. on several advanced economies (AEs) and EMEs. Using high frequency data on bond and portfolio flows they show how unconventional monetary policy has contributed to portfolio reallocation as well as a re-pricing of risk in global financial markets. We complement these studies by assessing the persistence of UMP shocks on bond and equity flows in a framework that allows for structural identification of a policy shock. More importantly, we study the dynamic consequences of the induced capital flows for EMEs financial conditions in a comprehensive model that takes country interlinkages into account.
Third, our research is related to studies which analyze the effect of (U.S. conventional) monetary policy in a GVAR framework (see, for instance, Chen et al., 2015 , Georgiadis, 2015a , or, Georgiadis, 2015b . Of those, Chen et al. (2015) also study spillovers from U.S. UMP on a number of variables in several AEs and EMEs. To identify the U.S. policy stance, they use a set of indicators like the U.S. corporate spread or the U.S. term spread. We differ from their approach by directly using an unconventional policy instrument, namely the Fed balance sheet, to separate exogenous policy changes from endogenous reactions to financial shocks through sign restrictions. In addition, we provide results for a broad set of EME financial indicators.
Most importantly, we complement their results by highlighting the role of portfolio flows as an important channel of transmission of U.S. monetary policy.
The remainder of the paper is structured as follows. In Section 2, we review stylized facts on the importance of bond and equity flows after 2008, outline transmission channels through which U.S. UMP can affect international portfolio flows and briefly discuss the hypotheses for our empirical analysis. We then describe the data, the GVAR model and the specifications in Section 3. In Section 4, we present our main results, followed by a sensitivity analysis in Section 5. Section 6 concludes.
Stylized facts, theoretical channels, and hypotheses
In this section, we first briefly review narrative evidence on the importance of portfolio flows as a potential channel of transmission of U.S. policy conditions to EMEs after the financial crisis.
We next discuss theoretical channels through which UMP in the U.S. can affect international portfolio flows. We then outline three hypotheses regarding the importance of U.S. UMP for the global financial cycle, along which we interpret our results.
2.1 Stylized facts: phases of "global liquidity" Bruno and Shin (2015a) and Rey (2013) present evidence that, before the financial crisis, international banking flows were an important transmission channel of U.S. monetary policy to EMEs and, hence, and important component of the global financial cycle. 5 In this regard, Shin (2013) refers to the period from the mid 1990s until the financial crisis as the first phase of "global liquidity", which he defines as a global factor associated with financial conditions.
With the unfolding of the global financial crisis and the European debt crisis, however, Shin argues that a second phase of global liquidity sets in. In this second phase, banking flows have lost their importance. Instead, direct portfolio (bond and equity) flows now play an important role in capital flows to EMEs. One reason is that many of the global banks were European banks that had to deleverage strongly in the course of the financial crisis and the European debt crisis.
Another reason is associated with many interest rates in AEs hitting the zero lower bound. With zero interest rates on many AE assets, a "search-for-yield" led to a steep increase in bond and equity issuance from EMEs borrowers previously shunned by markets as being too risky or marginal. Lastly, the nature of asset purchase policies of central banks in AEs itself may have directly contributed to increasing portfolio flows to EMEs (see Section 2.2).
Shin provides a number of stylized facts to corroborate his reasoning on the different phases. As we are interested in the role of U.S. UMP in driving the global financial cycle and, hence, in the second phase of global liquidity, we study the role of portfolio flows to EMEs as a transmission channel of U.S. conditions. In our empirical analysis, we do not additionally include banking flows for two reasons. First, the reviewed stylized facts strongly indicate that the importance of banking flows has diminished since the beginning of the global financial crisis. Second, banking flows are available only at a quarterly frequency. Given the short time period covering the financial crisis and UMP, we do not have enough quarterly observations for a meaningful estimation of their role in the second phase of global liquidity. 5 In a related theoretical paper, Bruno and Shin (2015b) provide a theoretical underpinning for this link: U.S. monetary policy affects both funding costs and leverage of global banks. These global banks then interact with local banks which, in turn, provide domestic credit and influence financial condition in EMEs. 6 The stylized facts are depicted in two figures from Shin (2013) 
How UMP can affect international portfolio flows
From a theoretical perspective, there are several channels through which the Fed's UMP can affect portfolio allocation decisions by asset managers with a global reach and hence, international portfolio flows. In this section, we briefly review the most important theoretical mechanisms as outlined e.g. by Fratzscher et al. (2013) . In principle, they are all linked to the potential domestic transmission channels of UMP brought forward by the literature (for a review, see Joyce et al., 2012) .
First and foremost, a portfolio balance channel is often emphasized. A Fed purchase of e.g. U.S. Treasury bills crowds out private investment from this market segment. In turn, investors rebalance their portfolio and move to close substitute assets. Ultimately, a chain of rebalancing is set in motion which may affect the allocation of assets across countries. Second, the UMP measures can affect the risk appetite of investors, often termed "confidence or risk-taking" channel. While theoretical descriptions of this channel are often rather informal, Bekaert et al. (2013) provide empirical evidence that conventional monetary policy in the U.S. significantly impacts on financial market risk taking. An increased risk appetite might drive investors into more risky high-yield EME assets. Third, UMP might work through a signaling channel. If the Fed's measures are understood by markets as keeping future policy rates low for a period longer than previously expected, this can affect asset prices by lowering the risk-neutral price component of (future) interest rates. This induced fall in yields on securities in the U.S. can, in turn, lead to an increase in capital flows to EMEs due to a "search-for-yield". 7
Foreshadowing our UMP shock identification strategy (see Section 3.3), our approach is linked more closely to transmission channels which imply effects not only from the policy announcement, but also from the actual policy implementation. This feature is particularly relevant for the portfolio balance channel, where the available supply of assets is changed through actual purchases. Regarding the other channels, the consideration of actual purchases is often criticised as an incomplete view on the effects of UMP. This objection claims that, since amount and timing of the Fed's LSAP programs were transparently communicated, efficient markets should have fully processed the information when it was announced. However, as Fratzscher et al. (2013) argue, there are two important points against this notion. First, many UMP measures where installed precisely because markets were not functioning. Hence, mere announcements may have been less important than actual purchases because the latter ones restored liquidity and allowed investors to adjust their exposure. Second, even if market expectations were 7 It has to be emphasized that these channels are not mutually exclusive and may rather be at work simultaneously (see Fratzscher et al., 2013) . To disentangle them empirically is beyond the scope of this paper. Moreover, all of them imply to some extent falling yields in the U.S. and subsequent capital outflows related to a search for yields and an increase in risk appetite. The signaling channel, however, potentially also allows for a negative effect of UMP on capital flows. If new UMP measures are understood as indicating that economic conditions are worse than expected, this might induce a flight to safety and a decrease in capital outflows to EMEs as these countries are perceived as being risky. Hence, in our empirical implementation, we do not impose a sign restriction on the effect of UMP on U.S. bond and equity outflows. fairly precise about the actual amount and timing of the purchases, still the expectations about effectiveness of the actual UMP measures might not have been accurate. In their empirical analysis, Fratzscher et al. (2013) find evidence in favor of this line of reasoning. Their results show that Fed operations, such as purchases of Treasuries, had larger effects on the portfolio decisions than Fed announcements of these programs.
Hypotheses for the empirical analysis
Based on the discussion on the global financial cycle outlined in the introduction and arguments given in Sections 2.1. and 2.2, we summarize our research questions in three hypotheses. We will interpret our estimation results regarding the spillovers of U.S. UMP on EMEs along these hypotheses in order to draw clear implications from our estimations.
The first hypothesis relates to the role of U.S. UMP in affecting international capital flows since the beginning of the global financial crisis. In particular, it builds on the arguments brought forward by Shin (2013) that stress the importance of portfolio flows to EMEs during this particular period.
Hypothesis 1: U.S. UMP affects portfolio outflows from the U.S. and, in turn, portfolio inflows into EMEs.
If Hypothesis 1 holds true, our estimated model should show an increase in portfolio outflows from the U.S. and in portfolio inflows to EMEs after an expansionary UMP shock.
The second hypothesis links the first hypothesis to the debate on how U.S. monetary policy is an important determinant of the global financial cycle. UMP to EMEs financial condition in the empirical specification, and, estimation results should not solely be driven by other potential transmission channels (e.g., global output growth).
Finally, the third hypothesis connects our estimations to the discussion on the independence of monetary policy given the strong international linkages in the globalized financial world, the "trilemma" vs. "dilemma" debate initiated by Rey (2013) . To test this last hypothesis, we split our sample into two groups of countries. The first group contains countries which peg their currency, while the second group comprises "free floaters".
Evidence in favor of Hypothesis 3 is found if domestic monetary policy in both groups reacts with an expansion after an expansionary UMP shock. In contrast, if domestic monetary policy reacts only in countries which fix their exchange rate, but not for floaters, this would point towards the classic trilemma. 8
The hypotheses are logically ordered. For the second hypothesis to be true, the first has to hold. Therefore, we first look at the effect of UMP shocks on portfolio flows from the U.S. to EMEs. Then, we turn to Hypothesis 2 and consider whether the induced portfolio flows are related to financial conditions in EMEs. If this is the case, monetary policy makers in EMEs might react to U.S. UMP shocks. Hence, we test the third hypothesis last, and only if we find evidence in favor of the first two.
Data & Empirical Methodology
In the following section, we first outline the data we use, in particular on cross-border portfolio asset flows from the U.S., as well as the countries we consider. Then, we briefly describe the GVAR model and discuss our model specifications and UMP shock identification strategy.
Data
We use monthly data on U.S. portfolio outflows and EMEs financial and real conditions from The dataset covers portfolio investment in long-term securities, specifically debt instruments with greater-than-one-year original maturity (i.e. bonds), and equities. It is widely used in 8 Note that for this reasoning to hold, all sample countries have to have an open capital account. Based on the usual classifications, this holds true for our entire sample of countries. Over time and in response to the crisis, however, some countries experimented with different forms of limited capital controls. A detailed analysis of their effects is beyond the scope of the paper, but an interesting question for future research. 9 The data can be accessed at the following website: http://www.federalreserve.gov/pubs/ifdp/2014/1113/default.htm. The estimated monthly flows are subject to several adjustments to reduce the noise and biases in the underlying monthly TIC flow data. The necessary steps are in detail described in Bertaut and Tryon (2007) and Bertaut and Judson (2014) . the literature to study foreign portfolio flows into U.S. securities and U.S. flows into foreign securities and considered as highly accurate (see, for instance, Curcuru et al., 2010 , or Hanlon et al., 2015 .
Such a large and comprehensive dataset on bilateral capital flows is available only for flows out of the U.S. For the purpose of our analysis, however, this is not an issue as we are interested in the effects of U.S. monetary policy that should affect flows from the U.S. more heavily than bilateral flows involving only other countries. Moreover, U.S. portfolio flows are of major relevance for the emerging market economies that we study. According to data from the 2012 Coordinated Portfolio Investment Survey, U.S. investors account for more than a third of all crossborder investment in bonds and equities of emerging market economies (see Bertaut and Judson, 2014) . With regard to the receiving countries, bond and equity investment are an important component of all foreign investments in EMEs. For instance, Shin (2013) and Turner (2014) Selection of countries into the sample is driven by different considerations. First, we do not include countries that have limited access to global financial markets and hardly issue securities and equities globally. Second, we only add countries that have comprehensive monthly data on economic and financial conditions available. Third, we exclude China as it plays a distinct role through its trade and financial linkages to the U.S. and its particular institutional settings.
Nevertheless, the dataset covers a broad range of EMEs and closely resembles the sample of many studies on emerging markets (see, for instance, Bowman et al., 2015 and Aizenman et al., 2014) . Ultimately, our sample of EMEs contains the following countries: Argentina, Brazil, Chile, Colombia, Hungary, India, Indonesia, Israel, Korea, Mexico, Malaysia, Peru, the Philippines, Poland, Russia, Singapore, South Africa, Thailand, and Turkey. 10 Time series with monthly observations for real GDP are constructed by interpolating the quarterly figures with a monthly index of industrial production, using the method of Chow and Lin (1971) . Data for industrial production is taken from the same source as the data for GDP. An exception is Singapore, where an index of industrial production is obtained from the monetary authority of Singapore. A lending rate for Turkey is obtained from the central bank of Turkey.
The GVAR model
To analyze the effects of U.S. UMP on a broad set of EMEs while taking all potential crosscountry interlinkages into account, in principle, a large scale vector autoregressive (VAR) model of the following form would be adequate: approach). The GVAR is, in principle, a set of linked country VAR models with exogenous regressors (VARX) for each country i = 1, 2, ..., N
where y it is a vector of k i endogenous variables and y * it is a vector of k * i country-specific (weakly exogenous) "foreign variables". In order to take account of potential observed common factors (in addition to unobserved common factors captured by the foreign variables), the models include the k d -dimensional vector d t of "global" variables affecting every country. 11 The coefficient matrices A is , B is and C is , s = 0, 1, 2, ..., p, as well as the coefficient vectors λ i and µ i are of suitable dimension.
The key feature of this approach is to define the so-called foreign variables, y * it , as weighted averages of other countries' variables with bilateral weights w ij :
The weights capture the exposure of country i to country j based on trade linkages. The foreign variables y * it are assumed to be weakly exogenous with respect to the parameters of the VARX model in Equation (2). (2) can be rewritten as
Summarizing the influence of global variables and deterministics in the vector
where
Hence, z it is linked to the endogenous variables y t = (y 1t y 2t . . . y N t ) through the link matrix W i in the following way
Using this relation, Equation (4) is equivalent to
Stacking the individual country VARX models yields the following equation 12 for y t
which has to be pre-multiplied by G −1 0 to obtain the autoregressive representation of the GVAR model, the so-called global solution,
Estimates for the parameters of the global solution can be constructed based on the estimated individual-country VARX models. The global solution is equivalent to the reduced-form VAR representation of Equation (1), but with numerous within-and cross-equation restrictions. It can thus be used to perform standard VAR analysis and obtain structural impulse response functions (IRFs), as we do.
Model specifications
In specifying the underlying VARX models for the individual countries, we treat the U.S. equation differently than the EME equations. We include a different set of weakly exogenous variables for the U.S., similar to what is commonly done in GVAR applications, due to the dominant role
of the U.S. in global financial markets (see, for instance, Eickmeier and Ng, 2015 , Georgiadis, 2015a , or Chen et al., 2015 . In particular, we are interested in a UMP shock from the U.S. and thus have to build an U.S. model that allows for an identification of such a shock.
For the U.S., we set up a VARX model which resembles VARs from the literature that analyze conventional monetary policy and contain output, inflation, and the Fed funds rate (see, among many others, Christiano et al., 1999) . However, to account for the zero lower bound and UMP, the Fed funds rate is replaced by the Fed balance sheet as the monetary policy instrument as in Gambacorta et al. (2014) . In addition, the VIX is added to the model to account for financial market uncertainty and to identify an exogenous innovation in the balance sheet (see Section 3.4).
Lastly, we add total U.S. portfolio outflows as a variable of interest for our research question. In sum, the U.S. model takes the following form: 13 y U S,t = (output, inflation, VIX, Fed balance sheet, bond outflows) , y * U S,t = (foreign output, foreign inflation) .
The VARX specification for the EMEs is restricted by the rather short period of U.S. UMP.
Given the limited number of observations, we cannot include all variables of interest into one large model. Instead, we consider different models that vary with regard to the specification of the endogenous variables in the VARX models. 
UMP shock identification
To identify an UMP shock, we follow the approach of Gambacorta et al. (2014) that allows us to distinguish between an exogenous innovation to the Fed balance sheet (UMP shock) and an endogenous reaction of the central bank to the state of the economy. This is done by imposing a mixture of zero and sign restrictions on the structural impulse response functions.
First, we assume that a shock to the Fed balance sheet, the policy instrument, only has a lagged impact on output growth and inflation. In the other direction, the Fed reacts instantaneously to innovations to output and inflation as commonly assumed in VAR analysis of monetary policy transmission (see, among many others, Christiano et al., 1999) . 15 Second, we use the VIX to disentangle exogenous innovations to the central bank balance sheet from the endogenous response to financial turmoil. To that aim, we use the sign restrictions displayed in Table 1 . On the one hand, we assume that an expansionary UMP shock does not increase the VIX. This reflects the notion that UMP had the effect of mitigating concerns about financial instability. It is also in line with results by Bekaert et al. (2013) who show that an expansionary conventional monetary policy shock has a lowering effect on the VIX. On the other 14 This has mainly two reasons. First, using differences ensures stability of the model across all different specifications. Estimating the different models in (log) levels using co-integrated global vector error-correction models (GVECMs) often yields explosive dynamics which makes a meaningful interpretation of the results difficult. Second, given our short sample period, estimations of the long-run relationship between the variables and, hence, the co-integration rank of GVECM have to be treated with caution. Therefore, for our application using a GVECM does not provide insurance against model mis-specification. 15 Similarly, we assume that the VIX, as a financial variable, reacts instantaneously to innovations in the macro variables. On the other hand, shocks to financial market uncertainty affect output and inflation with a lag. hand, we define a shock that increases both the VIX and the Fed balance sheet as a financial market risk shock to which the Fed responds, as in the immediate Lehman aftermath when a massive amount of mortgage-backed securities were purchased. The sign restrictions are imposed on impact and in the first month after the shock. This is done to allow for a UMP shock to primarily impact on the VIX and impact on the Fed balance sheet mainly with a lag. Hence, it can, to a certain extent, accommodate the fact that UMP measures were announced before their implementation. Nevertheless, the shock will primarily capture the actual implementation of UMP, namely the purchases of assets that enlarge the balance sheet. In this sense, it can be regarded as an overall "stock effect" of the Fed's quantitative easing (LSAP)
policies. 16
To implement the sign restrictions in the GVAR, we proceed as follows. First, we estimate the GVAR and retrieve its global solution given in Equation (8) This identification scheme, however, does not yet satisfy the sign restrictions as it implies one zero in the contemporaneous relation between the VIX and the Fed balance sheet. In the next step, we multiply the preliminary IRF by an orthonormal rotation matrix Q(θ) that takes the following form:
where I m is the identity matrix of dimension m × m. The respective IRF is then given by Ψ h P Q(θ). We draw rotation matrices Q(θ) by drawing θ from a uniform distribution over the interval [0, π] until we obtain an IRF Ψ h P Q(θ) that satisfies the sign restrictions in Table 1 . The UMP shock is then given by the corresponding element in η t = Q (θ)P −1 u t that raises the Fed balance sheet and, at the same time, does not increase the VIX.
In principle, there is a variety of models with different rotation matrices Q(θ) that satisfy the sign restriction. We account for this fact by drawing rotation matrices Q(θ) until we obtain 1000 admissible IRFs. 17 Then, we apply the "median targeting" approach by Fry and Pagan (2007) and select among admissible models the one that yields IRFs that are closest to the median response across models and horizons. The approach has the advantage that the reported final
IRFs are generated by one particular model and that the shocks are orthogonal. For statistical inference, we carry out 200 bootstrap replications of the same setup, but with only one draw of the rotation matrix in each replication.
Panel results
In this section, we present our estimation results for the full panel of countries. First, we show that the identified UMP shocks align well with the policy stance of the Fed over the sample period, and present the response of U.S. variables to the UMP shock. Then, we turn to the EMEs and present average impulse response functions for each of the different models that we estimate.
Lastly, we discuss further specifications and evaluate the robustness of our results. The results from this section and from the next one 18 allow us to draw conclusions on Hypotheses 1 and 2. reflects an expansionary balance sheet shock while a decline is associated with a tightening of the balance sheet relative to the average endogenous response to other shocks hitting the economy. 17 A large number of studies reports acceptance rates for this kind of approach. In our case, it takes 1448 rotations to obtain 1000 valid draws based on the point estimates of our baseline model with equity prices. Acceptance rates for the other specifications are of similar magnitude. 18 The next section presents the mean responses for three geographical regions: Latin America, Asia and Europe. 19 In doing so, we follow Boeckx et al. (2014) who apply a similar identification strategy for the ECB's UMP.
Time series of exogenous balance sheet innovations
The figure shows that the identified balance sheet shocks capture the monetary policy stance of the Fed over the sample period well. In particular, the phases of quantitative easing are, on average, associated with expansionary UMP shocks. On the other hand, ending the respective program of QE implies a contractionary balance sheet impulse. This is in line with the notion that the first two programs were ended despite no major improvement in economic conditions and financial stability. Moreover, almost no shock is associated with "operation twist", the exchange of short-term for long-term bonds, that did not affect the Fed balance sheet. 
U.S. reaction to UMP shock
Next, we look at the U.S. part of the estimated GVARs to see if a UMP shock is related to an increase in capital outflows. Impulse response functions for the U.S. variables to a one standard deviation expansionary UMP shock are depicted in Figure 2 . 20 The standard deviation shock corresponds to an enlargement of the Fed balance sheet of roughly three percentage points (pp).
As in all the following figures, the solid line represents the median response, and the red dotted lines represent bootstrapped 16% and 84% quantiles. 
EMEs' mean response to UMP shock
In this section we examine the average impulse responses of EMEs after the UMP shock in our three different models. First, to consider the business cycle we take a look at some real variables in EMEs. 21 Then, we present the mean responses from the financial conditions models FC I -III.
The results from this section (and from the next one, which groups results by regions) allow us to test Hypotheses 1 and 2.
EMEs' business cycle model
The resulting increase in capital outflows from the U.S. should be translated into an increase in capital inflows into EMEs. Figure 3 shows the mean responses of all the EMEs 22 for the business cycle model, after a UMP shock in the U.S. and the subsequent increase in U.S. portfolio outflows. Turning to the real variables, the mean response of output in EMEs to a U.S. UMP shock is positive and significant. Real GDP growth increases by around 0.3 percentage points while the effect fades after over six months (see panel (b)). This suggests that U.S. UMP stimulates output in EMEs via portfolio flows. Panel (c), moreover, shows the mean response of the policy interest rate in the EMEs. The interest rate, on average, decreases in response to the shock. This indicates procyclicality of the monetary policy response as interest rates decrease while output increases.
Moreover, this is a first indication that EME monetary policy is expansionary in response to expansionary U.S. policy. As this issue is central for our Hypothesis 3, we will address it more closely in the following (sub)sections.
EMEs' financial conditions models
To draw conclusion regarding our Hypotheses 1 and 2, and to analyze the assertions that U.S. monetary policy drives a global financial cycle and has implications on the exchange rate and monetary policy of other countries, we now turn to our models on EMEs financial conditions. Figure 4 shows the results of our FC I model that includes the responses of portfolio inflows, real exchange rates and real interest rates to a U.S. UMP shock.
Following the shock, portfolio inflows increase in similar magnitude as in the model for the business cycle, i.e. UMP in fact leads to an increase in portfolio inflows to EMEs. This surge in inflows is followed by a real appreciation of the exchange rate. The real exchange rate decreases by 0.6 pp, and stays significantly negative for around five months. At the same time, the mean monetary policy response suggests that monetary authorities in EMEs lower the interest rate as in the model for the business cycle, though the decrease is not significant in this case. One possible explanation is that monetary policy authorities to some extent try to deflect the inflows by lowering the interest rate, in an attempt to avoid an even larger appreciation of the exchange rate. Results for the further models on financial conditions (FC II and FC III) are given in Figures   5 and 6 . The mean responses of capital inflows stay qualitatively and quantitatively the same compared to the two models discussed so far. In FC II, there is a significant decrease of 0.2 pp (quantitatively similar as in the models discussed above) of the policy rate after the portfolio inflows (although even less significant). As a consequence of the inflows and the expansionary monetary policy, equity returns significantly increase by 0.4 pp.
The results for the model FC III show a significant increase of equity returns. The real lending rate, our proxy for domestic credit, significantly decreases for around six months by 0.15 pp. The IRFs of both variables suggest that financial conditions are indeed stimulated by a UMP shock in the U.S. and the subsequent capital flows. In general, our results do strongly indicate that U.S. UMP significantly affects financial condition in EMEs (Hypothesis 2). UMP by construction of the model and thus, to (indirectly) test Hypothesis 1, we re-estimate all models adding further variables in the vector y * it for the EMEs. For the model BC, we include foreign output growth, and for all the models for financial conditions we include either foreign output growth or U.S. equity returns in y * it . In general, all our results remain qualitatively and quantitatively similar. 23 Therefore, we can assume that most of the transmission of UMP goes through the portfolio flows. Our results give rise to the notion stated in Hypothesis 1: portfolio flows are indeed affected by UMP.
Alternative specifications & robustness
In the following, we evaluate the impact of several of our choices concerning variables included or other specification decisions, on the results of our hypothesis tests. The IRF graphs of this section are available upon request from the authors.
Since reserves accumulation is a tool of monetary policy which EMEs' central banks actively use, as an alternative specification we re-estimate all models replacing the interest rate by foreign exchange reserves growth. A reserves' (growth) increase implies expansionary monetary policy.
In response to the U.S. UMP shock, capital flows and equity returns rise, as in all models above, and foreign exchange reserve accumulation also increases, which implies the implementation of expansionary monetary policy. These results are in line with all of our previous findings. To check the robustness of this alternative specification, we control for exogenous commodity price inflation. Commodity prices may drive the accumulation of foreign currency since some of the countries in our sample are commodity exporters. Our results prove to be robust.
Furthermore, we follow Bowman et al. (2015) and Chen et al. (2015) , and examine the response of long-term government bond yields in EMEs following the UMP shock. To do so, we replace real interest rates by long term yields in FC I. The remaining variables display similar IRFs as above. The mean response of long-term government bond yields first increases for two periods, and then significantly decreases for around 6 months. However, there is heterogeneity in the response of long-term yields for individual countries. While most of the countries in Europe find themselves with lower bond yields, the situation for Asia and Latin America is mixed. Israel and South Africa's government bond yields increase significantly.
The main results presented above are robust to one or several countries being dropped from the sample (the mean responses change quantitatively, but remain qualitatively the same). There are also no qualitative changes if the estimation is done using a post-Lehman sample, i.e. starting in November 2008. The results are not sensitive to the use of the industrial production growth instead of interpolated real GDP growth or to the use of the real effective exchange rate instead of the real bilateral USD exchange rate. Our results are also robust to including a second or third lag in the estimation.
Furthermore, we estimate a larger model which encompasses models FC I and FC II. We do so in order to make sure that we are not affected by an omitted-variable bias in our estimations.
The results are quantitatively and qualitatively similar as the ones for the smaller model. The same holds true if a model that encompasses models FC II and FC III is estimated. 23 The resulting graphs are available upon request.
Finally, we evaluate the sensitivity of our results to the ordering of the variables in the Cholesky identification scheme. Recall that in the specifications discussed so far, part of the identification of the U.S. UMP shock was the assumption that the U.S. economy does not react instantaneously to shocks in any other country. We check the role of this assumption by switching from the implicit country-based ordering to a concept-based ordering of variables in the Cholesky scheme. Considering the BC model as an example, we order the variables such that real GDP for all countries is followed by U.S. inflation, U.S. capital outflows and then all EMEs' capital inflows. These variables are then followed by the U.S. UMP variables (Fed balance sheet and VIX) as well as all other variables of the system. 24 In particular, this identification scheme allows for an instantaneous response of U.S. UMP to international capital flows. The results of this specification prove to be qualitatively and quantitatively the same as our previous results.
Results for regions and EMEs' monetary policy response
So far, the results shed light on the average IRFs over all the EMEs in our sample. Now, we go into detail to analyze if there is cross-sectional heterogeneity in our sample of countries.
For instance, U.S. capital flows towards Europe may not be as large as towards Asia or Latin America, since European EMEs have tighter economic links to advanced European economies like Germany, France and the UK. Therefore the effects on the real variables and on financial conditions may vary across regions. Furthermore, the differentiation of our results according to the countries' exchange rate regime choice is necessary for testing our Hypothesis 3.
Results for regions and country groups
The EMEs we analyze are grouped by geographic region. Figures 7 -12 Capital inflows are slightly lower in FC I, showing their peak 2 months after the shock and reaching around 60 million USD; in FC III the inflows are much lower at about 20 million USD.
Furthermore, real exchange rate and real interest rate display a similar response as Latin America, as do equity returns and real lending rate, indicating that capital inflows affect the exchange rate, policy rate and financial conditions overall.
Finally, the picture is similar in Europe. The results depicted in Figures 11 and 12 show that Europe receives less capital inflows on average with around 20 million USD. Even though its currencies appreciate after the shock, interest rates do not seem to react much: at first there is a (slightly) significant decrease which is immediately followed by a small significant increase.
However, financial conditions seem to be affected by the UMP shock in the U.S.: equity returns increase and lending rates fall. with findings by Bruno and Shin (2015a) and Passari and Rey (2015) for conventional monetary policy and international banking flows.
In addition, average impulse response functions indicate that monetary authorities in EMEs react to capital inflows with a mirroring policy. One likely explanation is the aim to deflect the capital inflows in order to avoid or to calm an appreciation of the currency ("fear of floating").
This average reaction alone is not yet an indication for Hypothesis 3 and the dilemma vs. trilemma debate. Recall that Rey (2013) argues that countries face a dilemma: they can either choose monetary policy autonomy or free capital flows, independently of their exchange rate regime.
If, however, we find that only exchange rate fixing countries react to expansionary U.S. UMP shocks with a monetary expansion of their own, this would be well in line with the classical trilemma. to the floating countries, in most specifications a mirroring domestic policy reaction in response to a U.S. UMP shock is found. Surprisingly, however, the result for the pegging countries is far less robust and significant across specifications than for the floating countries. One possible explanation is that this group of countries is less affected by U.S. portfolio flows than the floating countries, for non-exchange rate related reasons. Appendix A Data and sources 
Real output growth
Monthly real GDP is obtained by interpolating quarterly real GDP with an index of industrial production using the method of Chow and Lin (1971 Real lending rates Lending rates l t are from the IMF IFS database. Rates are converted to annualized real terms by the following formula l t − ∆(ln(CP I t )) * 12 * 100
Real effective exchange rates Indices of real effective exchange rates from the Bank of International Settlements are obtained from Datastream.
Foreign exchange reserves growth
Difference of the log of the fx reserves. Source: IMF IFS database.
Long-term government bond yields
Source: Datastream.
Commodity price inflation
First difference of the log of the commodity price index. Source: IMF IFS database. 
B Additional figures

